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I. Introduction
The importance of demographic changes to a country's economic health needs no exaggeration. An aging population's potential effects on social security, labor supply and employment, levels of aggregate consumption, and saving are of interest not only to the academics but also to policy analysts. While actuaries have long recognized the need for factoring demographic characteristics into payment schedules, less is known, or widely accepted, about the effect of demographics on asset markets. This research takes on an added dimension in the U.S. because of the importance of the Baby Boomer generation. The aging of the U.S. population could cause significant changes in pension plans, social security, and medicare programs.
Given the fundamental importance of the relation between savings, portfolio allocation, and lifecycle, it is not surprising that there is a rich literature on this topic. Friedman (1957) introduced the idea of permanent income, while the lifecycle theory of savings was pioneered by Modigliani (see Modigliani and Brumberg (1954) and Ando and Modigliani (1963) ). The empirical evidence (see Modigliani (1986) ) supports the essential idea that consumers want to smooth consumption over time so as to maximize their lifetime utility and, thus, have a hump-shaped saving pattern. 1 The intuition of the model I wish to test is derived from basic lifecycle theories. Households invest different amounts of money at different life stages: young households do not invest much because they do not own much financial wealth; middle-aged households are the most prominent investors; and old households again invest less because they have less time to enjoy the fruits of their investments. The increase in savings is a consequence of both the increasing wealth of the middle-aged consumer and the desire to save for old age when income-generating possibilities are few. I then take this solution of the optimization problem for a single consumer and aggregate it through an overlapping generations (OLG) framework to an economy consisting of four generations: Infants, Youngs, Middles, and Olds. I consider more than two generations to analyze the differences in portfolio allocations across various age groups. This aggregation leads to the natural conclusion that as the proportion of the middle-aged population increases, the aggregate savings in the economy increase. In a similar vein, an increase in proportion of the old-aged population is accompanied by a decline in aggregate savings. The inflows (net new investment) into the stock market are, therefore, directly related to changes in the demographic structure of the economy. This aspect of changes vs. levels is often ignored in the empirical literature, which sometimes finds insignificant relations between demographics and stock market variables. 2 Motivated by the anticipated impact of the retirement of the baby boomers, researchers have conducted numerous studies on investors' portfolio allocation based on the lifecycle model. 3 Bergantino (1998) and Poterba and Samwick (1997) use the Federal Reserve Board's Surveys of Consumer Finances data, while Ameriks and Zeldes (2000) use data from TIAA-CREF. Schieber and Shoven (1994) examine the impact of the aging U.S. population on the funded private pension system. However, it is surprising that no study has looked specifically at the aggregate investment flows and demographics. In this paper, I directly model the flows into the stock market and then test the predictions of the model using U.S. data.
The effect of demographic changes on prices in my setup also derives from the basic lifecycle models. An increase in the middle-aged population leads to an increase in demand, driving up the prices and returns in the short term. At the same time, an absence of change in fundamentals leads to a decline in longer horizon returns. The effect of an increase in the old-aged population is analogous in the opposite direction. Similar to studies on portfolio allocation, there has been a lively debate about the impact of baby boomers on stock prices.
For instance, the popular press has often cited the baby boomers' entry into the saving years as a possible factor contributing to the 1990s rise of the stock market. 4 A natural corollary to this argument is the prospect of falling asset prices when the baby boomers reach the retirement years. The impact of demographics on stock returns received renewed attention after Bakshi and Chen's (1994) influential study. Bakshi and Chen analyze two hypotheses: the lifecycle investment hypothesis and the lifecycle risk aversion hypothesis in an Euler equation framework. They find that a rise in average age predicts a rise in the equity premium. One 2 For instance, Poterba (2001) finds an insignificant relation between the fraction of population in different age groups and stock returns. Ang and Maddaloni (2001) find that average age does not have much predictive power in explaining international excess stock returns.
3 The National Bureau of Economic Research has a separate program on the economics of aging. See various volumes edited by David Wise (2001) consisting of papers presented as part this project. 4 See, for example, Economist (2001), Farrell and Dunkin (1998), and Targett (2000) . A similar argument was made by Mankiw and Weil (1989) to explain the rise of real estate prices in the early 1980s.
of the issues raised by this study is whether average age adequately summarizes all the age structure information. Poterba (2001) does not find any significant historical relation between demographic structure and real returns on Treasury bills, long-term government bonds, or corporate stocks and posits that this is due to the limited power of the statistical tests. On the other hand, in an international context, Ang and Maddaloni (2001) and Erb, Harvey, and Viskanta (1997) find a positive relation between population structure and the real stock returns. While these studies implicitly have the intuition that changing demand for financial assets affects stock returns, this intuition is not directly tested in these studies. In contrast, I
explicitly study the relation between the demand for financial assets and demographics.
The empirical results of this paper are summarized as follows. I find support for the traditional lifecycle models that predict a link between age and investments. Specifically, I
find that outflows from the stock market are positively correlated with changes in the fraction of old people (65 and over) and negatively correlated with changes in the fraction of middleaged people (45 to 64). The population age structure also adds significant explanatory power to excess stock return predictability regressions with the R 2 rising to over 18%. Moreover, empirical data lend support to the intuition that an increase in the number of middle-aged people leads to an increase in prices, and a decrease in the number of old-aged people leads to a decline in prices. Forecasts using a Vector Autoregression (VAR) approach predict an increase in outflows from the stock market over the next 25 years to provide cash returns to retiring baby boomers. Not only are the outflows projected to increase over the next 25 years, but they also remain at high levels for almost a decade. At the same time, the average predicted outflows from the market for the next 52 years are almost the same as they have been for the past 70 years. The reason for the this is twofold. First, the outflows were historically at very low levels in the 1990s (in fact, the 1990s are characterized by inflows of funds) and it takes a decade for the outflows to come back to mean levels. Second, the outflows are predicted to decline around the middle of this century because the fraction of middle-aged people (ages 45 to 64) is projected to increase by 2040. On an aggregate macroeconomic level, preliminary results indicate that the age structure has some explanatory power in predicting the investment/saving rate for the U.S. economy.
There is also reason to expect that international capital flows should be dependent on international demographics. For instance, an increase in the middle-aged population of a country should not only increase the investment in that country, but also should increase international investment by the residents of that country. The literature on international capital flows has approached the issue from either the perspective of portfolio diversification (see Brennan and Cao (1997) , Froot, O'Connell, and Seasholes (2001) , Kang and Stulz (1997) ,
and Tesar and Werner (1995) ) or the real economy aspects (see Helpman (1998) , Leamer and Levinsohn (1995) , and Obstfeld and Rogoff (1996) ). Based on these two approaches, Portes and Rey (1999) use either the stock returns or macroeconomic variables to explain international capital flows. In this paper, I add demographic changes to these tests and find that changes in the population structure of a country add to the explanatory power of regressions predicting international capital flows.
The rest of the article is organized as follows. Section II discusses the basic lifecycle model in an OLG framework and outlines the hypothesis I wish to test. Section III discusses data calculations and includes a brief discussion of some of the more noteworthy features of the data. The main results are presented in Section IV. Concluding remarks are in Section V.
II. Model
In this section, I use an OLG model 5 to analyze the effect of changing demographic structure on the investment flows in and out of asset markets, and on asset prices. I first analyze the intertemporal consumption-investment problem of a single consumer in the economy. The solution to the dynamic programming problem of a single consumer is then aggregated in an OLG framework. The analysis in subsection A is a partial equilibrium analysis -the returns distribution is specified exogenously. The objective is to study how the changes in population structure affect the net flows in and out of the asset market. Subsection B then endogenizes the price of the risky asset in the economy. The objective there is to see how the changing population (and the expectation of changing population) affects current stock prices.
5 Abel (1999) considers an OLG model with two generations and log utility to analyze the effects of the baby boom on stock prices in the presence of social security. See also Brooks (2000) , Constantinides, Donaldson, and Mehra (2002) , Gourinchas and Parker (2002) , Luo (2000) , and Storesletten, Telmer, and Yaron (2001) . However, OLG models with more than one generation and more than one period to live quickly become intractable.
Although numerical techniques are available for solutions to these models (see Auerbach and Kotlikoff (1987) ), these routines rely on further simplifying assumptions such as no risky asset or log utility or only two generations. The initial wealth of the Youngs is not restricted to zero and can be thought of as part of the leftover wealth that the Infants did not consume. The wealth of the different generations is, of course, related. For instance, the wealth of the Olds at time t is the return on the investments made by the Middles at time t − 1. The next subsection presents the exact dynamics of wealth transfer. There is no growth in total population and the total population is normalized to one.
The fraction of people belonging to the different generations changes over time. The fraction of the Infants, the Youngs, the Middles, and the Olds at time t is assumed to be p i,t , p y,t , p m,t , and p o,t , respectively.
There are two assets in the economy: one risk-free asset with gross return denoted by R f , and another risky stock with gross return denoted by R m .
A. Asset Market Flows
Consider an investor living for T periods, who maximizes power utility over wealth W T at time T and consumption C t at time t given by:
where δ is the rate of time preference and γ is the coefficient of relative risk aversion.
Let W t be the wealth at the beginning of the period t and Y t be the income received at the beginning of period t. It should be noted at the outset that analytical solutions to the general consumption-investment problem in the presence of labor income are unknown. 6 I present an approximate solution to this problem with non-stochastic labor income in this section. Let α be the fraction of wealth invested in the risky asset. Then it can be shown that (all proofs are given in Appendix A):
6 However, see Bodie, Merton, and Samuelson (1992) , Heaton and Lucas (2000) , and Viceira (2001) for analysis of this problem with labor income uncertainty under other restrictions.
Proposition1 : The approximate solution to problem (1) is given by:
The investor consumes a constant fraction of her total wealth, which includes the financial wealth and the discounted value of future labor income. This conclusion is reminiscent of the results in Bodie, Merton, and Samuelson (1992) . The constant of proportionality in the consumption-wealth ratio increases over time. The fraction of wealth invested in the risky asset is given by the standard first-order conditions. Aggregating this solution to individual optimization in an OLG framework to obtain the demand for the risky asset yields the following 
where
I can now study how the changes in population structure affect the net flows in and out of the asset market. Intuitively, an increase in the size of the middle-aged population (p m,t ) leads to an increase in the overall investment into the stock market because the middle-aged investor has higher wealth (including capitalized labor income) than either the young-aged investor, who has little financial wealth, or the old-aged investor, who has little labor income wealth. Similarly, an increase in the size of the old-aged population (p o,t ) leads to a decrease in the overall investment as these people start to draw upon their earlier investments to finance their consumption. This is summarized in the following implication (see Appendix A for proofs):
Implication 1 : The effect of an increase in p o,t is to increase the leakage (net investment out of the stock market) at time t. The effect of an increase in p m,t is to decrease the leakage at time t.
B. Endogenous Prices and Changing Population
In this subsection, the risky asset is assumed to have an exogenous dividend stream. The prices are then endogenously determined by market clearing. On an intuitive level, market clearing in this subsection takes place by adjustment of prices while in the previous subsection, markets cleared through the adjustment of supply to changing demand. I model the firms using an approach developed by Leland (1992) . 7
I assume that there is a firm that supplies shares to the market. These shares promise an identical future value of P t+1 per share, where P t+1 = P + t+1 . In supplying shares to the market, this firm faces costs, which can be thought of as real investment costs required to provide the return on the shares, given by C(q) = cq 2 , where C(q) is the cost of providing q number of shares and c is a constant. I assume, for simplicity, that the firm issues shares to optimize profits over the next period only. 8 It issues shares to maximize π t (q t ) = P t q t − C(q t )
implying an optimal share supply of:
where z is a constant. Given these prices, the return over the interval [t, t + 1] is given by r t+1 = P t+1 /P t − 1. My assumption of a one-period-lived firm implies that the returns over [t, t + 1] are dependent only on the current price P t . In other words, I have:
The return-generating process derived above determines the optimal consumption and investment decisions of various generations. I have derived the process for returns only over the next period (since my firm is short-lived). I assume that all subsequent returns are exogenously given. In other words, the returns over [t, t + 1] are given by equation (4) and returns over subsequent periods are exogenously specified to be normally distributed with constant mean and variance. The effect of this change in process for next period returns is to make the 7 The central issue in the complete characterization of the solution is the expectations in equation (2). Since the prices are endogenously determined, the return distribution is also determined endogenously through market clearing. The absence of a functional form for prices makes it impossible to obtain an analytical solution and leads to non-trivial issues in numerical solutions.
8 The introduction of a long-lived firm would lead me to solve the intertemporal problem of maximizing profits over the remaining horizon. This would distract from my primary focus on consumers rather than producers.
parameters for the fraction (k) of wealth consumed and the fraction (α) of wealth invested in the risky asset functions of the current price P t . In short, the demand for financial assets is given by:
Clearing the market for the risky asset by equating equations (3) and (5), I get:
which is the non-linear equation for P t , that can be solved numerically. Consider the effect of increasing the fraction of the middle-aged population. There are two opposing effects. On the one hand, an increase in the demand for financial assets due to a larger number of Middles should lead to a increase in price as the firm supplies more shares in response to an increasing price. On the other hand, an increase in price today results in lower expected returns in the future. This adverse change in the return distribution of the risky asset lowers demand for it. The net effect is ambiguous. I undertake a full empirical exploration in a later section.
However, benchmark calculations suggest that: Implication 2 : Returns fall due to an increase in the number of Olds and rise due to an increase in the number of Middles.
Note that this exercise only studies the impact of changing population on next period returns. In the absence of any change in fundamentals, it is also reasonable to expect that an increase in prices today is accompanied by a fall in future returns and vice versa. It is also interesting to explore whether there is any relation between macroeconomic variables and the changing structure of population, even though I did not formally model the real economy.
Finally, there is reason to expect that the international capital flows should be dependent on the international demographics. For instance, an increase in the middle-aged population of a country should not only increase the investment in that country but also should increase in international investment by that country's residents. To summarize, I wish to test the following hypotheses in the empirical data:
• Does an increase in the fraction of middle-aged people lead to an increase in the inflows into the stock market, and does an increase in the fraction of old-aged people lead to an increase in the outflows from the stock market?
• Does an increase in the fraction of middle-aged people lead to an increase in prices today implying higher stock returns today, and does an increase in the fraction of old-aged people lead to a decrease in prices today implying lower stock returns today?
• Does an increase in the fraction of middle-aged people lead to a decrease in longer horizon stock returns, and does an increase in the fraction of old-aged people lead to an increase in longer horizon stock returns?
• Does a changing population structure have an impact on the savings rate, investment rate, and growth rate of the aggregate economy?
• Does the changing demographic structure impact cross-country equity capital flows?
III. Data
The stock return data used in the paper is obtained from S&P. SPR is the stock return (including dividends) on the S&P500 index. SPDP is the dividend price ratio of the S&P500 index. T-bill rates, TBILL, are obtained from Ibbotson. The excess stock return, ESRET, is the difference between (logged) stock return and the (logged) T-bill rate.
The total outflows from the stock market are calculated as follows using CRSP data. For each stock i, net outflow during month t is calculated as:
where Market Cap t is the market capitalization at the end of month t and ret it is the return during month t. For new issues in month t, I have only the first term in the equation while for delisting I have just the second term in the equation without ret it . 9 Total outflows in month t are the sum of outflows of all the stocks that have data on CRSP for month t.
9 Note that the new issues calculated in the above way have to account for the fact that AMEX was added to the CRSP tapes in July 1962 and NASDAQ was added in December 1972. where N t is the number of stocks in month t on CRSP. An equivalent way of representing the above equation in terms of aggregates is
where vwret is the value-weighted return on the CRSP index, Totval is the total stock market capitalization of the CRSP index, and Del is the total dollar value of delistings. The LEAK variable used in the regressions is calculated as total outflows during the year deflated by last year's market capitalization, i.e., LEAK t =Net Outflow t /Market Cap t−1 . Total (dollar) dividends paid during the month t are calculated by using the equation:
Dividends it . (10) Dividends (net outflows) paid during the year are calculated by adding the dividends (net outflows) paid during the past 12 months. The difference between total outflows and dividends gives the net repurchases during the year. Table 1 around here Table 2 around here Table 2 presents a breakup of outflows from the stock market into dividends and net issues.
A negative number for net issues implies that there was a net repurchasing activity during the year. A negative number for net outflows implies that the net issuing activity exceeded dividends paid out, or in other words, there was a net inflow into the stock market. The years 1929 and 1930 were characterized by flow of funds into the stock market of sizeable proportions (11.5% in 1929 and 4.5% in 1930) , although the net issuing activity did drop off in later years.
The second big 20th century crash in 1987 was followed by a huge fall in the net issuing activity (the years 1988 to 1990 were characterized by a net repurchasing activity). Table 2 Table 3 around here Table 3 presents a few summary statistics on the U.S. population demographic structure from 1900 to 2050. A few remarkable, albeit well known, features of the demographic structure are evident from this table. The average adult age (age of all people above the age of 25)
is also expected to increase by four years over the current value of almost 49 years. The fraction of people in the age group 45-64 shows a substantial variation. It showed an almost secular increase till the 1970s when it started to decline a little. Currently, almost 22% of the population is in this "savings age group", which was called the Middles in the model in Section II. Current forecasts project this fraction to increase to 27% around 2010 before falling again to 22%. The most interesting feature of these changes is the extraordinary increase in the number of old-aged people (over 65). The fraction of people belonging to this age group increases secularly till 2040 when it begins to level off. The magnitude of this increase can be gauged by the fact that the projected number of old people (65 and over) in the year 2050 is more than the entire U.S. population at the beginning of the 20th century. Table 4 around here I first explore the relation between the changes in the proportion of population in different age groups and the outflows from the stock market. Panel A of Table 4 reports the result of regressing LEAK on variables other than the demographic variables. The first regression is just an AR(1) model on the LEAK variable. The autoregressive root of 0.593 is not high enough to justify a unit root on LEAK (augmented Dickey-Fuller statistic (with two lags) of -3.29 against a critical value of -2.90 at the 95% level). 10 The second regression adds the lagged excess stock returns to the regression. The negative coefficient of the LEAK on ESRET might partly result from the fact that the good performance of the stock market in the previous year prompts more people to invest in the stock market (recall that a negative LEAK implies a net inflow into the stock market). Table 2 shows that of the 15 times there has been a net inflow into the stock market in the last 73 years, six occured in the 1990s, a decade characterized by exceptionally good performance of the stock market. The third regression shows that the data lend no support to the intuition that the stock market inflows increase in response to a growing economy -∆GDP has an insignificant effect on LEAK.
IV. Empirical Results

A. Outflows from the Stock Market
Panel B of Table 4 reports the results of including the demographic variables. The relation between demographics and the stock market flows is determined by the interaction of the optimal decisions of generations that differ in terms of their income-generating possibilities, accumulated wealth, risk aversion, and the horizon. The use of a single variable such as average age of the population seems unlikely to capture these dynamics. Previous studies (Bakshi and Chen (1994) , Erb, Harvey, and Viskanta (1997) , and Poterba (2001)) have looked at this 10 LEAK is the total outflows from the stock market and is inclusive of the dividend payments and net repurchases (net of issues). Since economic theory treats both these forms of payouts as essentially the same, one could make a case for using the LEAK variable instead of the SPDP as a predictor of the next period equity premium (see French (1988), (1989) for predictability evidence of dividend yield). A huge literature documents the problems inherent in using the SPDP because of its (near) non-stationarity (see, for example, Goetzmann and Jorion (1993) , Hodrick (1992) , and Nelson and Kim (1993) ). This would strengthen the case for using LEAK as it displays no unit root properties. Regression of one period ahead ESRET on LEAK shows a strongly significant statistical relation with a t-statistic of almost 2.5 (contrast this with a t-statistic of 0.78 on the SPDP in Table 5 ). 
B. Stock Market Returns
The lifecycle investment hypothesis and the lifecycle risk aversion hypothesis (see Bakshi and Chen (1994) ) seem to make opposite predictions for the effect of increasing age on asset prices. The lifecycle investment hypothesis predicts that demand for financial assets increases with age (only up to retirement), which would drive up the financial prices. The lifecycle risk aversion hypothesis, on the other hand, argues that increasing age is associated with an increasing risk aversion parameter. This implies that as one grows older, the demand for financial assets declines and one requires higher returns to invest, thereby depressing financial 11 As mentioned earlier, previous studies, such as Bakshi and Chen (1994) , Erb, Harvey, and Viskanta (1997), and Poterba (2001) , have looked at demographic variables like the average age or the fraction of population in different age groups in the context of stock return regressions. On the other hand, Ameriks and Zeldes (2000) and Schieber and Shoven (1994) use pension data to construct portfolio allocation profiles to examine the impact of baby boomers. I am aware of no studies that have analyzed aggregate stock market flows from the perspective of population structure.
prices. The net effect is unclear in the absence of a fully specified model. 12 However, my numerical simulations of a reduced form model in Section II.B suggest that an increase in the number of Middles leads to an increase in prices today and a fall in long horizon returns. Here, I undertake an empirical investigation of this issue. Table 5 around here Table 5 presents the results of regressing the next year's excess stock returns on dividend price ratio and demographic variables. Dividend yield is included as a regressor because previous studies have found it to have some explanatory power (see, for example, Fama and French (1988) , (1989)). Although the R 2 improves a bit by using the lagged outflows from the stock market as an additional explanatory variable in the second regression, the coefficient on the dividend price ratio is still statistically insignificant as in the first regression. 13 Regressions 3
to 6 use growth rates of demographic variables while the last four regressions have levels of demographic variables as regressors. As expected, the levels of demographic variables fail to increase the fit (measured by R 2 ) of the regression. Except for the variable P 25−44 , all the demographic variables are insignificant. This confirms the results of Poterba (2001) who finds that the levels of the demographic variables have limited explanatory power for explaining the aggregate stock returns. It is with the introduction of the changes of demographic variables that the regressions show a significant increase in R 2 . Similarly to Bakshi and Chen (1994) , I find that the stock returns and changes in average age are positively correlated. When I include the growth rate of the variables P 25−44 , P 45−64 and P 65+ , I find that not only does the R 2 jump to over 18%, but also that all the coefficients are statistically significant.
B.1. Multi-Year Forecasts
Changing structure of population affects not only the next year's stock returns but also has a longer term effect on stock prices. For instance, an increase in the number of Middles leads to an increase in this year's stock prices, but in the absence of fundamental changes also 12 Bakshi and Chen (1994) find that average age has significant explanatory power in equity premium regressions, while Poterba (2001) finds no significant relation between demographics and returns on stocks, bonds, and T-bills. Erb, Harvey, and Viskanta (1997) find significant correlation between population age structure and real stock returns in an international context, while Ang and Maddaloni (2001) , using pooled regressions, find links between demographic structure and international excess stock returns. 13 The insignificance of dividend price ratio is easily explained by their poor performance in predicting the excess stock returns in the 1990s.
leads to a decline in the expectation of future stock returns. I test the impact of changing demographics on multi-year returns in this subsection. 14 The basic structure of the regression is: In other words, I forecast the next K-period returns based on the last K-period percentage changes in the population structure. Table 6 around here Panel A of Table 6 regresses three-year excess stock returns on three-year percentage changes in demographic variables while panel B performs the same exercise for five-year horizon. The data set used in these regressions is slightly longer than in the previous regressions and goes back as far as possible to the 1900s. I mitigate the empirical difficulties associated with the use of overlapping observations by using the Newey-West correction for t-statistics. Table 6 shows that the demographic variables are jointly highly significant and the signs of the coefficients are in accord with the hypothesis. However, individually the coefficients in the three-year regressions are not significant while only the coefficient for the Middles is significant in the five-year regressions.
C. VAR and Forecasts
One leakages are part of a system (refer to Tables 4 and 5 for evidence on predictability), I employ a VAR system for the purpose of forecasting. My VAR is a little different from traditional VARs in that I have more than one exogenous variable. As Appendix B explains, this creates little problem in estimation or inference. Table 7 around here
The results of the estimation are presented in Table 7 . Standard errors are corrected for heteroskedasticity and autocorrelation using the Newey-West weighting scheme. The coefficients on the demographic variables retain their signs in predicting the LEAK but are somewhat less significant. The regression using SPDP has a high R 2 because of the close-to-unit root properties of the dividend price ratio. this is twofold. First, the outflows were at historically very low levels in the 1990s (in fact, the 1990s are characterized by inflows of funds) and it takes a decade for the outflows to come back to mean levels. Second, the outflows are predicted to decline around the middle of the 21st century because the fraction of middle-aged people (ages 45 to 64) is projected to increase around 2040. Thus, the popular perception that the retirement of the baby boomers would result in huge outflows as the retirees start to withdraw money from their investments seems a bit overstated. In fact, Cutler, Poterba, Sheiner, and Summers (1990) conclude that demographic changes will improve American standards of living in the near future and suggest that an optimal policy response is a reduction in the national savings rate.
D. Demographics and Macroeconomy
Even though I did not formally model the real economy, it needs no emphasizing that demographics impact the real sector as much as (if not more than) the financial sector. There is an extensive literature studying the determinants of the aggregate savings rate/investment rate in a country and analyzing cross-country differences in these variables. 17 My objective in this section is to explore whether there is any relation between macroeconomic variables and the changing structure of population. The macroeconomic indicators chosen are: (i) ratio of real gross private domestic investment to the real gross national product, INVST; (ii) ratio of personal savings to personal disposable income, SAVING; and (iii) gross national product, GNP. Since real GNP is a trending variable, I use the Baxter and King (1999) band-pass filter to calculate business cycle components of real GNP. This filter passes frequencies between years two and eight and uses three lags. Table 8 around here Panel A of Table 8 for SAVING. Lagged stock returns have less success in predicting the next period's personal savings rate but the demographic variables are again jointly highly significant. However, the coefficient on Middles is again negative (Deaton (1992, pp. 48) suggests that the presence of children, by placing an additional burden on young workers, may force young households to borrow more than would be suggested by simple lifecycle models). Panel C shows that the demographic variables have limited explanatory power in predicting the business cycle components of real GNP.
E. Demographics and International Capital Flows
The two broad perspectives on the determinants of international capital flows deal with portfolio rebalancing and international macroeconomics and trade. The finance perspective treats capital flows as rising from diversification motives although the empirical literature documents a significant home bias (see, for instance, French and Poterba (1991) and Kang and Stulz (1997) ). Tesar and Werner (1995) show an abnormal turnover of foreign equity holdings by U.S. residents while Brennan and Cao (1997) The following fixed-effects panel regression is estimated:
where NI i is the net investment (purchases less sales) in the U.S. by residents of country i, r i is the return on stocks in country i, ∆ denotes the percentage change, and the demographic variables are as defined earlier. The return chasing hypothesis of Bohn and Tesar (1996) predicts a positive α 3 (higher U.S. returns prompt foreign investors to increase their U.S. investment) and a negative α 2 (higher domestic returns prompt foreign investors to decrease their U.S. investment). The lifecycle hypothesis predicts a positive β 2 (an increase in Middles leads to an increase in foreign investment) and a negative β 3 (increase in Olds leads to a decrease in foreign investment). The results of the above regression are presented in Table 9 . Table 9 around here The evidence in Table 9 does not lend support to the return chasing hypothesis. The coefficients on lagged returns are statistically insignificant. There is some evidence, though, for the lifecycle hypothesis. When the number of Middles in a country increases, there is a significant (t-statistic of 2.06) increase in the net investment by the residents of that country.
Unfortunately, the evidence also seems to suggest an increase in the number of Olds would lead to an (insignificant) increase in net investment, which is inconsistent with lifecycle effects.
V. Conclusion
This paper attempts to model the investments in the stock market in an OLG model with wealth effects in which each generation has more than two periods to live. The conclusions are in accord with the basic lifecycle models. The implications of the model are tested empirically using U.S. data. I find that outflows are positively correlated with changes in the fraction of old people and negatively correlated with changes in the fraction of middle-aged people. I also find that outflows over the next 50 years are not expected to rise to levels that cause concern even with the retirement of baby boomers.
In addition to a decrease in outflows from the stock market with an increase in the middleaged population, the stock prices are posited to rise. Moreover, in absence of fundamental changes, the long horizon returns are predicted to fall. The empirical regressions confirm these results. Stock returns increase following an increase in the middle-aged population and decrease following an increase in the old-aged population. The R 2 of excess stock return predictability regressions rises to over 18%. Long horizon returns are also negatively correlated with an increase in the middle-aged population, and positively correlated with an increase in the middle-aged population.
I also make an empirical assessment of whether demographics have an appreciable impact on the real economy. I find no significant impact of demographics on the business cycle components of the GNP, but do find some explanatory power in predicting the aggregate investment/savings rate. Finally, demographic changes have some power in explaining international capital flows.
Appendix A Proposition 1
Proof: The solution to the optimal consumption-investment problem follows from the dynamic programming approach using the value function. Refer to Ingersoll (1987, Ch. 11) for details on this approach. 19
The investor consumes C t at time t and has I t ≡ W t + Y t − C t left over for investment in the risky and risk-free assets. Assume that fraction α t of this investment I t is invested in the risky asset and the rest is invested in the risk-free asset. For convenience, define R α,t+1 = α t (R m,t+1 − R f ) + R f . Then the wealth W t+1 is given by:
The value function is defined as usual by:
We guess that the functional form of J t (·) is given by:
where the constant k t is to be determined later. The first order conditions for maximization 19 The choice of utility function is an important part of the assumptions. The most popular choices are: log utility, negative exponential (CARA) utility, and power utility. Log utility investors are myopic in their consumption and investment choices. Thus, log utility is inadequate for analyzing the long-run effects of changing population. CARA utility displays wealth independence, which means that the dollar demand for risky assets is independent of wealth, and depends only of the level of risk aversion. Moreover, risk aversion of a CARA utility investor with a finite horizon increases with age. The solution to the optimization problem for CARA investors living for T -periods is
where θt is the dollar investment in the risky asset at time t, Ct is the consumption in period t, Wt is the wealth at time t, Yt is the income received in time t, r f is the risk-free rate, rt+1 ∼ N (rt+1, σ 2 r t+1 ) is the risky asset distribution for period [t, t + 1], ρ is the rate of time preference, f (t) is a constant that depends only on time t, and a is the coefficient of risk aversion. Thus, the investor reduces her demand for risky assets as she grows older. Therefore, as the economy grows older, outflows from the market will increase regardless of whether the aging economy is due to an increase in the number of middle-aged people or of old-aged people, which is counterfactual. Finally, the demand for risky assets for CARA investors depends only on the next period's return distribution. In this sense, investors are myopic (although their consumption decisions do depend on the whole lifecycle return distribution). Both the above effects make CARA utility an inadequate choice in this setting.
are given by:
Equation (A-3) illustrates one of the difficulties in obtaining an analytical solution to this problem: we cannot take C t out of the expectation on the right-hand side of the equation. However, the following approximate first-order conditions help us in obtaining an analytical solution:
It is then easily verified that the complete solution to the problem is given by:
The results in the main text for Proposition 1 are just a special case of the above with iid stock returns.
Implication 1
Proof: Consider first the Olds at time period t. Their wealth at the beginning of period t is the return on the amount invested by the Middles at time period t − 1. Money invested by each Middle at time period t − 1 was (
and has grown to
R α at time period t. Note that of the total wealth passed on to the Olds,
αR m is already invested in the stock market. Now, since the number of the Olds at t is p o,t , wealth of each old person is given by:
. Substituting the expression for W o,t from equation (A-6) and using the fact that the number of Olds at time t is p o,t , I get:
A similar calculation for the Middles gives:
The Youngs are new investors (since whatever wealth they have at the beginning is the result of leftovers from the Infants). Thus,
Since Infants just consume the wealth bequeathed to them by the Olds, I have
Combining equations (A-7)-(A-10), I get:
Consider first the effect of an increase in the fraction of the Olds, p o,t . Assuming (for simplicity) that the number of the Middles (p m,t−1 ) in period t − 1 is approximately equal to the number of the Olds (p o,t ) in period t, the sign of a change in p o,t depends on the sign of the expression:
Similarly, the sign of a change in p m,t depends on the sign of the expression:
(A-13)
Finally, consider the effect of an increase in the fraction of Youngs, p y,t . Equation (A-11) predicts that an increase in p y,t would lead to a decline in the leakage at time t (the sign of p y,t in equation (A-11) is negative) because the Youngs are first-time investors and, therefore, an increase in their proportion leads to an increase in net inflows into the asset market. However, in my model an increase in Youngs comes only due to a previous increase in Infants. Thus, it is possible that the total wealth passed on to the Youngs is negligible and, therefore, we do not expect any strong relation between asset market flows and the proportion of the Youngs.
Calibrating the parameter values to match U.S. data wherever possible, I assume that the risky return is normally distributed with a mean of 9% and standard deviation of 20%. The risk-free rate is assumed to be 3%. The risk aversion parameter γ is assumed to be five and the rate of time preference δ is assumed to be 0.95. These parameters imply that α = 30.79%, k o = 0.5447, k m = 0.3945, and k y = 0.3206. Substituting these values in expression (A-12), I find that the effect of an increase in the number of Olds on net leakage depends on the sign of 0.37(W m + Y m ) − 0.69Y o . For all reasonable values of W m and Y m > Y o (Middles are expected to have a higher income than Olds), this expression is positive. In short, the effect of an increase in p o,t is to increase the leakage at time t. Similarly, expression (A-13) evaluates to 0.31(W y + Y y ) − 0.75Y m + 0.24Y o . Again, the initial wealth of the Youngs is expected to be negligible, while their income Y y is expected to be lower than the income of the Middles Y m . Thus, the effect of an increase in p m,t is to decrease the leakage at time t.
Implication 2
Proof: The parameters for the comparative statics exercise are as before, namely: r f = 3%, γ = 5, δ = 0.95, and r m ∼ N (9%, 20% 2 ). We initially assume that there are equal fractions of people in all generations, i.e., p y = p m = p o = 0.25. Assuming an exogenous returngenerating process gives us α = 0.31 and r α = 4.85%. We assume that the income of Youngs, Middles, and Olds is $6, $7, and $3, and their wealth is $1, $4, and $3, respectively based on the information in the latest Statistical Abstract. Note that in this equilibrium state, the price is equal to 1/1.09=0.9174. The last parameter we need is z, the constant in the supply function. Using the above parameter values and substituting in equation (6) to solve for z, I get z = 0.7664.
To find out the effects of increasing the fraction of Olds in period t, I give a shock to the number of Middles in period t − 1. Similarly, to calculate the effect of increasing the fraction of Middles in period t, I give a shock to the number of Youngs in period t − 1. The complete set of experiments is summarized in the following table: This table shows that increasing the proportion of Olds at time t leads to a drop in prices (rows 1 and 2), while increasing the proportion of Middles at time t leads to a rise in prices (rows 3 and 4). These results translate into a fall in returns due to an increase in the number of Olds and a rise in returns due to an increase in the number of Middles.
Appendix B
Consider a VAR(1) in the (K×1) vector y t . The explanatory variables are one lag of y t and one lag of an additional (M×1) vector z t . The system is:
Suppose we have T observations of the variables of interest. Stack the variables up as follows:
. Then the system can be summarized as Y = XB + U . Define y = vec(Y ), b = vec(B), and u = vec(U ). Then an equivalent representation of the system is:
Assuming the errors u are normally distributed, I can define the log likelihood function as:
The first and second derivatives are given by:
From these, the estimateb and its variance are given by:
From Equation (B-1), it is clear that an h period ahead value of y t+h is given by:
The optimal (in the sense of minimizing MSE) forecast is thus:
The error in the forecast is:
where Σ y (h) is given by:
It is easy to verify that Σ y (h) as h → ∞ is given by Γ y , where:
The above, of course, assumes that the coefficients are known without error. In the presence of estimation error, the forecast error variance is given by (see Lütkepohl (1993) for details):
The computation of an analytical expression for the expectation in Ω(h) is complicated by the fact that y t (h) depends on the exogenous variables {z t+i } h−1 i=0 . Hence the paper relies on numerical alternative.
To obtain the standard errors, I resort to simulation. In each iteration, I draw the (21 × 1) simulation coefficient vector from a normal distribution with mean equal to the estimated coefficients and covariance matrix equal to the covariance matrix of the estimated coefficients. These simulated coefficients are then used as the "true" coefficients for the next 52 years. In each iteration, I also draw an (52 × 1) error vector for the errors using the estimated covariance matrix of the errors. 20 Finally, using the projections for the demographic variables (provided by the Census Bureau) I am able to arrive at the outflows (and the other endogenous variables in the system) for the next 52 years. This process is repeated 10,000 times and Figure 1 shows summary statistics on the outflows.
20 Note that by construction, the estimated coefficients and the errors are uncorrelated. 233 -0.050 -0.288 -0.177 -0.291 Explanation: All series are measured in percent, except for the SPDP series, which is the logged dividend price ratio of the S&P500 index. SPR is the stock return (including Dividends) on the S&P500 index. TBILL is the risk-free rate. ESRET is the (logged) difference between SPR and TBILL. LEAK is the total outflows from the stock market deflated by the previous year's market capitalization. ∆GNP is the growth rate in real GNP. Every mean and median is significantly different from zero at the 1% level. JqBr is the Jarque-Bera test for normality. For 73 observations, the critical level to reject normality is 5.99 at the 95% level, 9.21 at the 99% level. The correlations in panel B are contemporaneous correlations. There are 73 annual observations in the sample from 1926 to 1998. Explanation: Data are from the CRSP tapes. Market Cap is the total stock market capitalization at the end of the year. Divid is the dividends paid during the year. Net Issues is the net issuing activity during the year (a negative value indicates net repurchasing activity during the year). Total outflow is the difference between Divid and Net Issues (a negative value implies that net issuing activity exceeded the dividends paid out, or in other words, there was a net inflow into the stock market). In particular, the net outflow in year "t" is calculated using the following formula
where vwret is the value-weighted return on the CRSP index, Totval is the total stock market capitalization of the CRSP index, and Del is the total dollar value of delistings. The nominal data are converted to real dollars by using the implicit price deflator for GNP obtained from the National Income and Product Accounts of the United States. All figures are in billions of 1992 dollars. Explanation: Variables are of annual frequency. The dependent variable, the net outflows (LEAK) from the stock market, leads the independent variables by one year. ESRET is the (logged) difference between stock returns on the S&P500 index and the risk-free rate. ∆GNP is the percentage change in real GNP. P25−44, P45−64, and P65+ are the fractions of people in the age groups 25-44, 45-64 and 65+, respectively. A25+ is the average age of population above the age of 25. The fifth and sixth regressions use the growth rates of the demographic variables while the last two regressions use the levels of the demographic variables. The first row of each regression output lists the coefficient and the second row lists its Newey-West heteroskedasticity and autocorrelation adjusted t-statistic. R 2 , R 2 , and s.e. are in percent. "Wald" is the Wald test for the joint significance of the three demographic variables and is calculated using the Newey-West corrected variancecovariance matrix. The number in parentheses below the Wald statistic is the p-value for this statistic based on a χ 2 (3) distribution.
Interpretation: LEAK has an autoregressive process. Percent changes in demographic variables add additional explanatory power to the LEAK prediction while levels of demographic variables do not explain the next period outflows. Further, the signs of the coefficients on demographic variables are in accord with the lifecycle model in Section II. Explanation: Variables are of annual frequency. The dependent variable, the excess stock returns (ESRET), leads the independent variables by one year. LEAK is the net outflows from the stock market deflated by last year's market capitalization. SPDP is the logged dividend price ratio of the S&P500 index. P25−44, P45−64, and P65+ are the fractions of people in the age groups 25-44, 45-64, and 65+, respectively. A25+ is the average age of the population above age 25. The third to sixth regressions use the growth rates of the demographic variables while the last four regressions use the levels of the demographic variables. The first row of each regression output lists the coefficient and the second row lists its Newey-West heteroskedasticity and autocorrelation adjusted t-statistic. R 2 , R 2 , and s.e. are in percent.
Interpretation: Both the dividend yield and the past outflows together help in predicting the excess stock returns but not in isolation. The percent changes in demographic variables add additional explanatory power taking the R 2 to almost 19%. The signs of the coefficient support the intuition that an increase in the number of Middles (Olds) leads to an increase (decrease) in prices. 1 K − 1 is the K year (annualized) percentage change in the fraction of population aged 25 to 44 and the other demographic variables are defined similarly. Panel A reports the result for three-year forecasts of excess stock returns while panel B reports the result for five-year forecasts of excess stock returns. The first row of each regression output lists the coefficient and the second row lists its Newey-West heteroskedasticity and autocorrelation adjusted t-statistic. R 2 , R 2 , and s.e. are in percent. "Wald" is the Wald test for the joint significance of the three demographic variables and is calculated using the Newey-West corrected variance-covariance matrix. The number in parentheses below the Wald statistic is the p-value for this statistic based on a χ 2 (3) distribution.
Interpretation: The significance of the dividend price ratio in predicting multi-year stock returns increases with horizon. The percent changes in demographic variables add additional explanatory power to forecasts. The signs of the coefficient support the intuition that an increase in the number of Middles (Olds) leads to an decrease (increase) in future expected stock returns, although the evidence is not overwhelmingly strong. Explanation: Variables are of annual frequency. ESRET is the logged excess stock returns on the S&P500 index. LEAK is the net outflows from the stock market deflated by last year's market capitalization. SPDP is the logged dividend price ratio of the S&P500 index. P25−44, P45−64, and P65+ are the fractions of people in the age groups 25-44, 45-64, and 65+, respectively. The demographic variables are measured as growth rates of fractions of people in different age groups (∆ denotes percentage change). The dependent variables lead the independent variables by one year (the VAR order is 1). The first row of each regression output lists the coefficient and the second row its Newey-West heteroskedasticity and autocorrelation adjusted t-statistic. Number of observations is 72. R 2 , R 2 , and s.e. are in percent.
Interpretation: The interpretation of coefficients on regressions of LEAK and ESRET is in Tables 4 and 5, respectively. SPDP has a high R 2 because of its close-to-unit root properties. Explanation: Variables are of annual frequency. The dependent variable leads the independent variables by one year. INVST is the ratio of real gross private domestic investment to the real GNP. SAVING is the ratio of personal savings to personal disposable income. GNPBP is the result of the application of the Baxter and King (1999) band-pass filter to real GNP. This filter passes frequencies between years two and eight, and uses three lags, and is intended to give business cycle components of real GNP. ESRET is the logged excess stock return on the S&P500 index. P25−44, P45−64, and P65+ are the fractions of people in the age groups 25-44, 45-64, and 65+, respectively. ∆ denotes percentage change. The first row of each regression output lists the coefficient and the second row its Newey-West heteroskedasticity and autocorrelation adjusted t-statistic. R 2 , R 2 , and s.e. are in percent. "Wald" is the Wald test for the joint significance of the three demographic variables and is calculated using the Newey-West corrected variance-covariance matrix. The number in parentheses below the Wald statistic is the p-value for this statistic based on a χ 2 (3) distribution.
Interpretation: Demographics do not have a significant impact on the business cycle components of GNP, but have some explanatory power in predicting the aggregate investment/savings rate. Interpretation: International capital flows react to the past returns in predictable fashion although the evidence is not statistically strong. Demographic variables also impact the capital flows with an increase in the number of Middles (P45−64) leading to an increase in foreign investment by residents of other countries.
FIGURE 1
Forecasts of Outflows: 1999 Outflows: -2050 Outflows: 1930 Outflows: 1940 Outflows: 1950 Outflows: 1960 Outflows: 1970 Outflows: 1980 Outflows: 1990 Explanation: Forecasts are calculated using simulation of the VAR system in Table 7 . Values to the left of the solid line are the actual observations for 1926-1998. The dashed lines are the 95% level forecast intervals. Standard errors are calculated using simulation with 10,000 iterations.
Interpretation: The outflows from the stock market are projected to increase over the next 20 years as baby boomers continue to retire. However, the average level of outflows over the next 50 years is projected to be almost the same as the historical average.
